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Abstrak – Some results of measurement and analysis of visibility, and three linear 
regression models, for estimating the monthly mean visibility at Sokoto (13031N, 
80.0E), Nigeria, West Africa, are presented. Fraction of sunshine hours, relative 
humidity and maximum temperature covering a period of 5 years (2002-2006), 
obtained from the Meteorological Department Sultan Abubakar (III) International 
Airport  Sokoto.  The  prediction  of  the  models  and  the  measured  visibility  were 
tested using the correlation coefficient and percentage absolute error method. The 
best model was found to be: V = 7.02 + 0.16 (R.H). 
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1  Introduction 
 
Visibility could be defined in many ways depending on the field of interest. In meteorology, visibility 
is a measure of the distance at which an object or light can be   clearly discerned (en.wikipedia.org). It 
is reported within surface weather observations and METAR Code either in meters or sature miles, 
depending  upon  the  country.  Visibility  affects  all  forms  of  traffic:  roads,  sailing  and  aviation. 
Meteorological visibility refers to transparency of air: in dark, meteorological visibility is still the 
same as in daylight for the same air. 
 
In aviation, visibility is defined as the greater of the greatest distance at a black object of suitable 
dimensions, situated near the ground, can be seen and recognized when observed against a bright 
background.  However,  visibility  is  often  reduced  some  what  by  air  pollution  and  high  humidity. 
Various weather stations report this as haze (dry) or mist (moist). Fog and smoke can reduce visibility 
to near zero, making driving extremely dangerous. Visibility of less than 100 meters or 1/16th of a 
mile usually reported as zero (Micheal, 2010). In these conditions, roads may be closed, or automatic 
warning lights and signs may be activated to warn drivers. These have been put in place in certain 
areas that are prone to repeatedly low visibility, particularly after massive pile-up accidents involving 
collision or several(or even dozens) of automobiles have occurred there. In addition, an advisory is 
often issued by a government weather agency for low visibility; such as a dense for advisory from the 
US National weather service. Those generally advise motorists to avoid travel until the fog burns off 
or other conditions improve (Seinfeld and Pandis, 2006). Airport travel is also often delayed by low 
visibility, sometimes causing long wait due to instrument flight rules and wider spacing of aircraft. 
 
Fraction of sunshine hours is defined as the ratio of the total number of hours of sunshine to the 
maximum total possible during the day, denoted by n/N. where n is the total number  of hours of Usman, et. al.  International Journal of Basic and Applied Science,  
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sunshine and N is the maximum total possible during a day (Stanhill, 1966). It can be measured by 
using pyranometer or pyrheliometer depending on the solar radiation you want to measure i.e. total 
radiation, beam radiation, etc. (Drummond, 1956). Relative humidity is the ratio between the actual 
weight of moisture and the total amount that can be held by a unit volume of air at a specified 
temperature and pressure expressed as a percentage (Widhack, 1963). According to David (1985), 
relative humidity of an air-water mixture is defined as the ratio of the partial pressure of water vapor in 
the mixture to the saturated vapor pressure of water at a given temperature. 
 
Temperature is a physical property as a system that underlies the common notions of hot and cold; 
something that is hotter has the greater temperature. Intuitively, temperature is a measure of how hot 
or  cold  something  is.  It  is  measured  with  thermometer  that  may  be  calibrated  to  a  variety  of 
temperature scales (Kroemer and Kittel; 1980). 
 
It is intended in this work to present some results of measurements and analysis of visibility at Sokoto, 
and to develop models, for estimating the visibility in terms of the meteorological parameters having 
significant influence on it. These meteorological parameters are fraction of sunshine hours, relative 
humidity and maximum temperature. The recent related research works include that of Usman (2007). 
 
 
2  Materials and Method 
 
A 5years record (2002-2006) of the monthly mean visibility was obtained from the meteorological 
department Sultan Abubakar (III). International Airport Sokoto and sunshine duration hours, relative 
humidity together with maximum temperature were collected from the energy research centre, Sokoto. 
Also obtained were the latitude and longitude of Sokoto respectively.  
 
Three  (3)  different  models,  between  the  average  monthly  mean  visibility  and  the  meteorological 
parameters were formulated for these research works were as follows:- 
 
V = a + b (n/N)  …(1) 
V = a + b (R.H)  …(2) 
V = a + b (Tmax)  …(3) 
 
Were V is the visibility, (n/N) is the fraction of sunshine hours, (R.H) is the relative humidity, (Tmax) is 
the maximum temperature and a, b are coefficient of regression to be determined. N can be obtained 
by the relation given by Duffie and Beckman (1991) as: 
 
N = 2/15 cos-1 (- tan Ө tan δ)  …(4) 
 
Were N is the maximum total possible during a day, Ө is the latitude and δ is the solar declination 
angle respectively  
 
δ = 23.47 sin [0.9864 (284+j)]  …(5) 
 
Where n is the number of days i.e. for Jan 1, j = 1 and Dec 31, j = 365 (Duffie and Beckman, 1991).    
 
3  Results and Discussion  
 
For the station under consideration, the measured value of the average monthly mean visibility and the 
associated parameters were calculated from the data obtained from the meteorological department 
Sultan Abubakar  (III)  International Airport  Sokoto  and  energy  research  centre,  Sokoto. Also,  the International Journal of Basic and Applied Science,  
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measured, predicted and percentage absolute error values are determined. These were shown in Table 
1 and 2. The results obtained from Table 2, shows that variations exist between the measured and 
predicted values of the average monthly mean visibility. 
 
 
Table 1.    Measured  values  of  the  average  monthly  mean  visibility,  fraction  of  sunshine  hours, 
relative humidity and maximum temperature respectively. 
 
Months  V(km)  n/N  R.H (%)  Tmax (
0C) 
January  11.62  0.75  23.30  32.03 
February   10.23  0.68  19.80  34.13 
March  18.54  0.66  19.90  38.68 
April  18.54  0.62  31.20  40.72 
May  18.54  0.63  46.00  39.15 
June  18.46  0.60  57.40  36.30 
July  16.15  0.55  71.00  32.88 
August   7.85  0.54  78.90  31.24 
September  9.85  0.62  74.60  32.75 
October  14.85  0.70  54.30  36.17 
November   11.23  0.75  28.70  35.69 
December   13.31  0.79  25.50  33.07 
 
Source:    Meteorological department Sultan Abubakar (III) International Airport, Sokoto and Energy 
Research Centre, Sokoto, Sokoto State. (2008) 
 
 
That at March, April and May visibility is high, minimum at January, November and December while 
very low at February, August and September with August having the lowest visibility due to heavy 
rainfall.  The  results  obtained  by  this  analysis  also  confirm  some  results  of  relative  humidity 
measurements earlier reported by Usman, (2010) where August has the highest rainfall. 
 
 
Table 2.  Measured, predicted and percentage absolute error value for models (1) – (3)  
  Absolute error (%) 
 
Months  Vm(km)  Vn/N(km)  VR.H (km)  VTmax (km)  Vn/N  VR.H  VTmax 
January  11.62  11.23  10.75  15.67  0.39  0.87  4.05 
February   10.23  13.40  10.18  14.64  3.17  0.05  4.41 
March  18.54  15.89  16.20  13.57  2.65  2.34  4.97 
April  18.54  17.76  19.64  16.05  0.78  1.10  2.49 
May  18.54  17.45  18.38  15.25  1.09  0.16  3.29 
June  18.46  15.27  18.96  15.31  3.19  0.50  3.15 
July  16.15  14.96  14.38  12.18  1.19  1.77  3.97 
August   7.85  14.02  10.20  12.41  6.17  2.35  4.56 
September  9.85  11.23  11.61  13.87  1.38  1.76  4.02 
October  14.85  12.78  15.71  13.64  2.07  0.86  1.21 
November   11.23  15.27  12.02  11.41  4.04  0.79  0.18 
December   13.31  9.98  11.09  15.16  3.33  2.22  1.85 
 
Source: Author’s computation, 2011. 
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In Table 3, statistical analyses of the visibility with the meteorological parameters were shown.  
 
 
Table 3.    Regression  of  visibility  with  fraction  of  sunshine  hours,  relative  humidity,  maximum 
temperature and mean of percentage absolute error. 
 
  Coefficient of regression  Correl. coefficient (r)  Mean of absolute error 
  A  B 
Vm Vs Vn/N  34.55  -31.10  0.63  2.45 
Vm Vs VR.H  7.02  0.16  0.92  1.23 
Vm Vs VTmax  31.36  -0.49  0.38  2.97 
 
Source: Author’s computation, 2011. 
 
 
From the results, there is reasonable correlation between Vm and VR.H and between Vm and Vn/N as 
indicated in the values of the correlation coefficients of 0.92 and 0.63, respectively. Hence the three 
linear regression models in terms of fraction of sunshine hours (n/N), relative humidity (R.H), and 
maximum temperature (Tmax), for estimating visibility are: 
 
V = 34.55 – 31.10 (n/N)  …(6) 
V = 7.02 + 0.16 (R.H)  …(7) 
V = 31.36 – 0.49 (Tmax)  …(8) 
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Fig. 1. Variation of the measured and the predicted values of visibility with the months of the year. 
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 Fig. 2. Variation of the measured and the predicted values of visibility with the months of the year. 
 
 
 
 
Fig. 3. Variation of the measured and the predicted values of visibility with the months of the year. 
 
 
It was observed in Fig. 1, that the predicted values and the measured values ware closely related in the 
months of January and April which is confirmed from Table 2, because the two months have the 
lowest error. The months of February, August and November have wide gap which is also confirmed 
from Table 2 because the months recorded high error values with August having the highest value of 
6.17%. It was equally observed in fig.2, that the predicted values and the measured values were related 
i.e. they portray satisfactory agreements with each other. Table 3, shows the mean of absolute error in 
percentage with fig 2 having the lowest mean error of 1.23%. Also, fig 3, shows that the predicted 
values and the measured values were not closely related i.e. they do not portray any agreement with 
each other. From the results, it was observed that model 2 produced the best correlation and low value 
of percentage error followed by model (1) then model (3). 
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4  Conclusion 
 
Three models for predicting the average monthly mean visibility in Sokoto were studied. The models 
were based on the fraction of sunshine hours, relative humidity and maximum temperature collected 
over  a  period  of  5years  (2002-2006).  The  results  obtained  shows  that  based  on  the  correlation 
coefficient of the average monthly mean visibility; it may be wisely estimated by the correlation. 
 
V = 7.20 + 0.16 (R.H)   …(9) 
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